Using Keck spectroscopy and Hubble Space Telescope WFPC2 imaging over a 1.5h −1 × 1.5h −1 Mpc 2 field of the cluster, a new, large sample of 53 galaxies in the cluster CL1358+62 at z = 0.33 is used to study the evolution of early-type galaxies in the cluster environment.
INTRODUCTION
Luminosity evolution of galaxies has been observed for many years through the use of luminosity functions (e.g., Lilly et al. 1995) , whose interpretation is complicated by the unknown distribution of galaxy M/L ratios. Now, reliable estimates of the mass scales of galaxies at high redshifts can routinely be made using the high spatial resolution imaging cameras on the Hubble Space Telescope (HST), and efficient ground-based spectrographs on 8-10m telescopes. HST data provide the requisite length scales, and the spectrographs on 8-10m telescopes en-able us to accurately measure internal kinematics. Together, one can directly measure M/L ratios through the use of galaxy scaling relations in a manner consistent with previous work on large samples of nearby galaxies. These scaling relations, such as the Tully-Fisher relation for spirals (Tully & Fisher 1977) , the Faber-Jackson relation for ellipticals (Faber & Jackson 1976) , or the Fundamental Plane of early-type galaxies , Djorgovski & Davis 1987 , are essentially relations between M/L ratio and galaxy mass. Using such relations, one can directly probe the evolution of M/L ratios for galaxies at high redshift, and set powerful constraints on the evolution and formation histories of normal galaxies.
The Fundamental Plane (FP) is an empirical relation between half-light radius, r e , surface brightness, I e , and central velocity dispersion, σ for early-type galaxies , Djorgovski & Davis 1987 . The FP is a refinement of the Faber-Jackson relation. Using a large sample of E and S0 galaxies in 11 clusters, Jørgensen et al. (1996) found, for 226 galaxies in Gunn r and 109 in Gunn g, r e ∝ σ 1.24±0.07 I −0.82±0.02 e , (Gunn r) (1) r e ∝ σ 1.16±0.10 I −0.76±0.04 e , (Gunn g)
Under the assumption of homology, the FP implies that M/L ratio is a tight function of galaxy structural parameters, such that, in Gunn r, M/L r ∝ M 1/4 r −0.02 e (3) . The Fundamental Plane is very thin (Lucey, Bower, & Ellis 1991) , with an observed rms scatter of ±20% in Coma in V -band M/L ratio at a given M (Jørgensen, Franx, & Kjaergaard 1993) . With assumptions about the IMF, this measurement constrains the rms scatter in mean luminosityweighted ages of early-type galaxies to be < 30%.
By measuring a large sample of early-type galaxies at high redshift (i.e., at large look-back time), one can use the evolution of M/L ratios and the evolution of the scatter in M/L to infer the star-formation histories of early-type galaxies. In this way, one directly measures the star-formation history of the Universe in high-density regions (where early-type galaxies are predominantly found, e.g., Dressler 1980) . Franx (1993 Franx ( , 1995 and van Dokkum & Franx (1996) used the MMT to obtain spectroscopy of several early-type galaxies in the clusters A665 (z = 0.18) and CL0024+16 (z = 0.39). They used structural parameters from HST imaging, and velocity dispersions from the spectroscopy, to derive M/L ratios for early-type galaxies in those clusters. Due to the low internal scatter, they were able to measure mild evolution in the M/L ratios as a function of redshift. Several other authors have now measured elliptical galaxy scaling relations at intermediate redshifts and have confirmed mild (passive) stellar evolution out to moderate redshifts (z < ∼ 1; Schade et al. 1997 , Ziegler & Bender 1997 . Kelson et al. (1997) extended the Fundamental Plane measurements to CL1358+62 (z = 0.33) and MS2053-04 (z = 0.58) and confirmed the moderate M/L evolution. Those authors also suggested that the evolution in the scatter is likely to be quite low. Here, we present the analysis of a larger sample of more than 50 galaxies in CL1358+62 at z = 0.33. The spectroscopy and surface photometry are discussed by Kelson et al. (1999a,b) . Using these data, we now analyze the Fundamental Plane in the cluster, with the goal of addressing the following issues:
(1) What is the shape of the Fundamental Plane at high redshift? Does the slope evolve with redshift? What is the scatter, and does it evolve with redshift? Is there simply a M/L zeropoint shift?
(2) Is there any morphological dependence in the Fundamental Plane at high redshift, since large, nearby samples show no obvious dependence or difference between S0s and ellipticals ?
(3) Do M/L V ratios, for a given galaxy mass, correlate with known stellar population indicators, such as (B − V ) color, or with structural indicators, such as apparent ellipticity or profile shape?
(4) How do "E+A" galaxies relate to the typical early-type cluster members? E+A galaxies have spectra which appear to be superpositions of an old early-type stellar population, and a young 1-2 Gyr-old stellar population (Dressler & Gunn 1983) . Do these E+A galaxies have any immediate connection to the present-day S0 population (Franx 1993) ?
This paper is structured as follows. In §2, we outline the selection and nature of the sample. In §3, the Fundamental Plane of the early-type galaxies is fit to the data, the S0s are compared to the ellipticals, and the intrinsic scatter about the Fundamental Plane is measured. In §4, we discuss the the early-type galaxy M/L V ratios and their implications for the stellar populations. In particular, we derive the evolution in M/L V with respect to the early-types in Coma; derive the extent to which stellar populations are varying along the Fundamental Plane; and determine the nature of the scatter in the Fundamental Plane and Color-Magnitude relations. In §5, the Fundamental Plane of the early-type spirals is discussed, and their M/L V ratios are compared to those of the E/S0s. In §6, population synthesis models are used to investigate the differences between the stellar populations of the spirals and early-types, with the goal of determining whether or not intermediate redshift spirals can evolve into contemporary S0s. Our conclusions will be summarized in §7.
SUMMARY OF SAMPLE SELECTION, OBSERVATIONS, AND DATA

REDUCTION
We are currently studying the galaxy populations of three clusters in detail, CL1358+62 (z = 0.33), MS2053-04 (z = 0.58), and MS1054-03 (z = 0.83), selected from the Einstein Medium Sensitivity Survey (Gioia et al. 1992) . During Cycle 5, a mosaic of twelve HST WFPC2 pointings of CL1358+62 was taken in two filters, F606W and F814W. These data were presented in van Dokkum et al. (1998a) .
A large number of redshifts in the cluster has been compiled by Fisher et al. (1998) . For Fundamental Plane analysis, we randomly selected cluster members within the field of view of the HST mosaic, to R ≤ 21 mag. The selection was performed with an effort to efficiently construct multi-slit plates for the Low-Resolution Imaging Spectrograph (Oke et al. 1995) . We used three masks, with different position angles on the sky. The region of maximum overlap is in the center of the cluster, and thus the FP sample is concentrated towards the core of the cluster.
Morphology was not a factor in the selection of our sample. In the random selection process, three E+A galaxies were included; these will be compared with those cluster members that have normal, early-type spectra. The sample is about 50% complete for R ≤ 20.5 mag (see Fisher et al. 1998 for details on the statistical completeness of the original redshift catalog). Three galaxies fainter than R = 21 mag were added to test the quality of velocity dispersion measurements near the resolution limit of the spectrograph.
The spectroscopic reductions are detailed in Kelson et al. (1999a) . In total, we have central velocity dispersions for 55 galaxies in the cluster. The derivation of structural parameters from the HST imaging is discussed in Kelson et al. (1999b) . Unfortunately, two of the galaxies were imaged too close to the WFPC2 CCD edges to obtain reliable structural parameters.
Thus, there are a total of 53 cluster members in our determination of the Fundamental Plane in CL1358+62. As was mentioned earlier, three galaxies have E+A spectra as defined by the criterion of Fisher et al. (1998) , in which (Hδ + Hγ + Hβ)/3 > 4 Å and [OII] 3727 Å < 5 Å. The E+A fraction of our sample (6%) is representative of the cluster (5%; Fisher et al. 1998) . Two of the 53 galaxies show evidence of current star formation activity, with Balmer and [OIII] emission (the cD, #375; and the Sb, #234). Fisher et al. (1998) report an emission-line galaxy fraction of 9 ± 3% in the field of the HST mosaic down to R = 21 mag. In the sample presented here, the fraction is about half that (a 2σ difference), though the emission-line galaxies are more common in the outer parts of the cluster. Although the cD shows evidence for emission in its central parts, we consider it "normal" and spectroscopically early-type for the Fundamental Plane.
Optical morphologies have been taken from Fabricant et al. (1999) . These authors classified several hundred galaxies in the HST mosaic according to morphological type, T . The galaxies in our high-resolution spectroscopic sample have T ∈ {−5, −4, −3, 0, 1, 2, 3} (E, E/S0, S0, S0/a, Sa, Sab, Sb, respectively). The galaxy morphologies are listed in Table 1 , in which there are 11 Es, 6 E/S0s, 14 S0s, 13 S0/as, 6 Sas, 2 Sabs, and 1 Sb. This distribution is quite similar to nearby massive clusters (e.g., Oemler 1974) . Note that the classification scheme employed in Fabricant et al. (1999) is not identical to that applied in van Dokkum et al. (1998a) . The latter authors classified galaxies based on whether or not they had any obvious disk structure, and did not attempt to classify their galaxies according to the traditional Hubble scheme.
Structural parameters were derived from the deep WFPC2 data. The surface photometry was transformed to Johnson V , redshifted to the frame of the galaxies. Such a transformation is necessary to facilitate a direct comparison of our sample with nearby galaxies. Details of the transformation are given in van Dokkum & Franx (1996) and Kelson et al. (1999b) . The formal uncertainties in the individual structural parameters do not fairly represent the true errors in the Fundamental Plane determination. Random and systematic errors in r e and µ e can be quite large, but their combined error in the Fundamental Plane is quite small, at the level of a few percent (see Kelson et al. 1999b and, for example, the detailed analysis presented in Saglia et al. 1997) . The structural parameters were derived using three different profiles: (1) the de Vaucouleurs r 1/4 -law; (2) generalized r 1/n -laws (Sersic 1968) ; and (3) r 1/4 -law bulge plus exponential disk superpositions. Therefore, for each galaxy we have three sets of structural parameters. In §3.3 and 5.1, we investigate the utility of these different profiles, for purposes of morphological classification, or for determining accurate halflight radii and surface brightnesses.
The galaxy parameters used in the following analysis are listed in Table 1 . Included are the optical morphologies, the n shape parameters, central velocity dispersions, r e and µ e from the r 1/4 -law fit, R magnitude from Fabricant et al. (1991) , and restframe (B − V ) colors from van Dokkum et al. (1998a) . All three, different sets of structural parameters are listed in Kelson et al. (1999b) . They are not critical for the conclusions of this paper.
THE FUNDAMENTAL PLANE OF EARLY-TYPE GALAXIES
Fitting the Fundamental Plane
The Fundamental Plane is a power-law relation between effective radius, r e , central velocity dispersion, σ, and mean surface brightness, I e , within r e , of the following form:
For the present analysis, we follow the example of and minimize the average absolute residuals perpendicular to the fitted plane, a procedure which has the advantage of being robust against outliers. Thus, we minimize
This choice is also motivated, in part, by our desire to compare our results to the extensive work by Jørgensen et al.. In the fitting of a plane to three dimensional data, with correlated and uncorrelated errors, no single fitting procedure will accurately recover the underlying relation. An accurate determination of the true physical relation requires sophisticated modeling and knowledge of the underlying distribution of galaxy parameters, all of which are beyond the scope of this paper (Colless et al. 1999 , Kelson 1999 . As was mentioned earlier, Jørgensen et al. (1996) found α = 1.16 ± 0.10, β = −0.76 ± 0.04 in Gunn g using 109 galaxies in nearby clusters. We adopt these values for the local slope of the Fundamental Plane, as Gunn g more closely matches the Johnson V -band, than does Gunn r. Nevertheless, one should note that the slopes for the local Fundamental Plane do not differ greatly between the two bandpasses and our conclusions in this paper are not sensitive to this choice. Uncertainties in the values of α, β, and γ are estimated by the bootstrap method (e.g., Beers, Flynn, & Gebhardt 1990) . Such uncertainties represent the formal errors in the fit, when performed in the manner we have adopted (minimizing the absolute residuals). Systematic errors in deriving the slope of the Fundamental Plane can arise from many sources, such as the selection criteria, the correlated measurement errors, and the choice of the fitting procedure itself (e.g., , Kelson 1999 .
The scatter about the best-fit plane will be reported either in units of r e at fixed σ and I e , or in units of M/L V at fixed σ and r e . Under the assumption of homology, the observed quantities r e , I e , and σ relate to real physical properties of size, surface brightness, and total second velocity moment, in the same manner for all early-type galaxies. Thus, one can use the Fundamental Plane of the ellipticals to transform the virial theorem
In Gunn g the slopes for early-type galaxies in Coma yield M/L g pred ∝ σ 0.47±0.15 r 0.32±0.07 
Because the absolute residuals have been minimized, the rms scatter about any given fit is not. We therefore refrain from writing the scatter as an rms value, and instead report estimates of the 1-σ scatter using 1.25× the average absolute deviation (the quantity minimized in the fit). For a Gaussian distribution of residuals, this estimate for the scatter is equivalent to the standard deviation. We find similar results when using the bi-weight statistic, and conclude that our estimate of the scatter is robust.
In constructing the figures, we express r e in units of kpc, and I e , the mean surface brightness within an effective radius, in units of L ⊙ /pc 2 in the V -band. For the purposes of this paper, we use H 0 = 65 km s −1 Mpc −1 and q 0 = 0.05.
The Fundamental Plane in CL1358+62
In Figure 1 , we show the Fundamental Plane of early-type galaxies. The long, intermediate, short edge-on projections, and the face-on projection are shown in Fig. 1(a-d ). There is a tight relation, offset from the relation defined by the earlytype galaxies of Coma . In 1(d), the "Zone of Avoidance" (Bender, Burstein, & Faber 1993) is the region in the upper right which contains no galaxies. Note that the CL1358+62 early-type galaxies have a different distribution than the Coma galaxies: the CL1358+62 galaxies lie at slightly higher surface brightnesses. We will come back to this later.
The Fundamental Plane of the 30 E, E/S0, and S0 galaxies (not including any galaxies with E+A spectra) is described by
The 1-σ scatter is only ±14% in r e . Using Equations 8 and 9, one obtains
with a scatter of about ±16% in M/L V ratio. The scatter in M/L V is 18% when using the locally defined Gunn g slopes.
The values obtained above for the slope do not significantly differ from that found locally, either in Gunn g or Gunn r (see above). Comparing Equation 11 to the local expectation in Gunn g, one finds that the shape of the Fundamental Plane has not significantly evolved from the present-day:
Both van Dokkum & Franx (1996) and Kelson et al. (1997) noted that the intermediate redshift FP slope may not be the same as that found locally. The advantage of the work presented here is the depth and size of the sample, which allows for a more detailed breakdown by morphological type. Kelson (1998 Kelson ( , 1999 show that a shallow magnitude cut-off in the selection process can lead to a flattening of the fitted Fundamental Plane slope, similar to other Malmquist-like regression biases. Such an effect probably led to the mild change in slope observed by Kelson et al. (1997) and van Dokkum & Franx (1996) .
Quantitative Morphologies
We tested the robustness of the slope to the morphological classifications. Using the Sersic (1968) profile shape parameters n as a classification tool, the plane of the 30 galaxies with n ≥ 4 are best fit by α = 1.19 ± 0.23 and β = −0.76 ± 0.12. Using the 1D bulge-disk decompositions, the plane of the 25 galaxies with bulge fractions greater than 90% are best fit by α = 1.19 ± 0.17 and β = −0.76 ± 0.06. Recall that the visually classified E/S0s galaxies produced slopes of α = 1.31 ± 0.13 and β = −0.86 ± 0.10. We conclude that our measured Fundamental Plane slopes are not affected by uncertainties in the morphological classifications.
Since the slopes we have determined for the CL1358+62 FP do not differ significantly from that found by Jørgensen et al. (1996) , as given earlier, we continue our analysis using the locally defined values of α = 1.16 and β = 0.76. The remaining conclusions of this paper are not sensitive to the adoption of these values over the ones measured above.
Elliptical Galaxies versus Lenticulars
For nearby S0s, the zero-point and scatter of the Fundamental Plane is the same as that for ellipticals . Using the Fundamental Plane slopes defined by the 30 early-types above in Equation 10, one finds that the 11 ellipticals have the same zero-point as the 13 non-E+A S0s. This is fully consistent with what has been found locally.
There remains, however, the question of whether the shape of the Fundamental Plane of the S0s is the same as that of the ellipticals. The 11 visually classified ellipticals yield α = 1.25±0.26 and β = −0.71 ± 0.16 with a 1-σ scatter of ±10% in r e . There appears to be no significant change in the slope by removing the one elliptical fainter than the magnitude limit and exclusion of the cD does not significantly affect the slope either. By fitting a plane to the 13 non-E+A S0s in CL1358+62, we find α = 1.12 ± 0.36, β = −0.86 ± 0.22, with a scatter of ±8%. The difference in scatter is not statistically significant. Because the distinction between E and S0 can become more difficult at higher redshift, we have also divided the sample of 53 galaxies by bulge-to-disk ratio, derived from fitting two-component r 1/4 -law bulge and disk growth curves to surface photometry (Kelson et al. 1999b) . No significant difference in the Fundamental Plane slopes are seen for any of these subsets.
As a result of these tests, we conclude that differences between the shapes of the FP relations of the S0s and Es, if any, are too subtle to be accurately measured with the current sample.
The Intrinsic Scatter of the Early-Type Galaxies
In cosmologies with hierarchical merging, early-type galaxies are expected to have some intrinsic scatter in the properties of their stellar populations (Kauffmann 1995 (Kauffmann , 1996 . Such variations would manifest themselves in a scatter in the colors, absorption line strengths, and M/L V ratios of early-type galaxies at a given luminosity, galaxy mass, or velocity dispersion (Sandage & Visvanathan 1978 , Terlevich et al. 1981 .
Evidence for a spread in the properties of stellar populations has been measured using the scatter about the Color-Magnitude relation (e.g., Bower, Lucey, & Ellis 1992 , Stanford, Eisenhardt, & Dickinson 1998 . We have measured the scatter in colors about the Color-Magnitude relation for the galaxies in our sample and find an intrinsic 1-σ scatter in color, at a given mass, of ±0.019 mag (see van Dokkum et al. 1998a ). Using the GISSEL96 (Leitherer et al. 1996) single burst stellar populations with a Salpeter (1955) IMF, and assuming that variations in age are the cause of these residuals, this scatter in color is equivalent to a scatter in M/L V of ±12%.
Equation 9 showed that variations in M/L V ratios of stellar populations, at a given r e and σ will lead to scatter in the Fundamental Plane. Residuals from the Fundamental Plane can be caused by a number of other effects as well, such as variations in elliptical galaxy shapes, metal abundance, and dust content. In contrast, the scatter in the Color-Magnitude relation may only be due to variations in stellar populations and/or dust content. Some have also suggested that correlations between age, other stellar population properties, and/or galaxy structural parameters may be conspiring to reduce the scatter in the Fundamental Plane and Color-Magnitude relations (cf. Worthey, Trager, & Faber 1996 , Trager et al. 1999 . Jørgensen et al. (1996) have limited to what extent random projection can inflate the scatter of the Fundamental Plane to less than 6% in M/L ratio. Together, the scatter in the Fundamental Plane and Color-Magnitude relations can be used to constrain the properties of the stellar populations.
The ellipticals and S0s have an observed 1-σ scatter about the FP of ±16% in M/L V . The observational errors in our data are a small component of the observed scatter. As shown in Kelson et al. (1999a) , the formal velocity dispersion uncertainties range from ±2-7%. Because of template mismatch, the true errors are more like ±4-8%. The Fundamental Plane parameters, r e I −0.8 e , have random errors of ±3% (Kelson et al. 1999b ). Thus, the contribution to the observed scatter from measurement errors is approximately ±7% in r e (±8% in M/L V ). Removing this in quadrature gives an intrinsic scatter in M/L V of ±14%. That the intrinsic scatter in M/L V should agree so well with the naive expectation from the scatter in colors is remarkable. Moreover, the intrinsic scatter of 14% is an upper limit to the scatter in the stellar populations because there may be other sources of scatter in the observed M/L V ratios, due to variations, for example, in galactic structure.
IMPLICATIONS FOR THE STELLAR POPULATIONS OF
EARLY-TYPE GALAXIES
The Evolution of the Zero-point for the Fundamental Plane of Early-Type Galaxies
The zero-point of the Fundamental Plane is related to the mean M/L ratio of a sample of early-type galaxies. Evolution in the luminosity-weighted mean properties of stellar populations therefore implies evolution in the FP zero-point. Although modest evolution of the FP zero-point has already been demonstrated (van Dokkum & Franx 1996 , Kelson et al. 1997 , van Dokkum et al. 1998b ), these new data can improve upon the accuracy of the results in Kelson et al., and test the sensitivity to small number statistics and sample biases.
We use a sample of early-type galaxies in Coma to define the present-day zero-point of the Fundamental Plane. These data are a subset of the large Gunn r sample in Jørgensen et al. (1996) that also had the required color information to transform the surface brightnesses to the V -band. This V -band Coma sample is shown in Figures 1(a-d) by the small triangles. Note that the the CL1358+62 early-types are shifted by a small amount with respect to the Coma early-types. The trend appears to be towards increasing surface brightnesses, suggesting that at least some of the shift in M/L derives from luminosity evolution.
If the ranges of galaxy masses in Coma and CL1358+62 are substantially different, which was the case for the small samples in van Dokkum & Franx (1996) , Kelson et al. (1997) and van Dokkum et al. (1998b) , then the offset in M/L V can be very sensitive to the adopted slopes of the Fundamental Plane. This sensitivity arises because the Fundamental Plane is essentially a relation between M/L V ratio and galaxy mass. If one compares two samples of galaxies with substantially different mass functions, then any derived offset in M/L V is going to be a combination of the true offset, the differences in FP slope, and the difference in the mean mass of the sample. By minimizing the differences between the mass distributions, one eliminates this latter term, and the results become insensitive to the slope of the FP. Therefore, when deriving the offsets, we restrict the local calibrating sample to a similar mass range as in CL1358+62. Such a restriction on the local sample implies that any measured evolution is relevant for galaxies within a specific range of masses.
In Figure 2 , we show the distributions of the CL1358+62 galaxies overlayed with the Coma V -band sample in the log σlog r e plane. The dashed lines show contours of constant mass (σ 2 r e ). The distributions are remarkably similar, ensuring that our measurement of the M/L V evolution will not be biased by any differences between the two distributions of galaxy masses.
Using the 30 early-type galaxies, we find that the M/L V ratios, for a given r e and σ, are offset by ∆ log M/L V = −0.12 ± 0.02 (q 0 = 0.05; −0.08 ± 0.02 dex for q 0 = 0.5). The errors listed are the formal errors in the offset. We test the sensitivity of this result to the morphological classifications by using only the Es and find no significant difference. Changing the adopted slope from the Jørgensen et al. (1996) Gunn g values to those for Gunn r changes the results by −0.02 dex.
Using the values found in in §3 also produces no significant change in the result as well. Kelson et al. (1997) 
The difference can be attributed to improvements in the size and depth of the sample.
We can use the simple, single-burst models of §6 to infer the relative age difference between the Coma and CL1358+62 early-types. Assuming that the early-type galaxies in both clusters have had similar formation histories and adopting a Salpeter (IMF), the CL1358+62 early-type galaxies have ages in the mean which are 73 ± 4% (q 0 = 0.05; 81 ± 4% for q 0 = 0.5) of the mean ages of their counterparts in Coma, for galaxies of the same r e and σ. These uncertainties are the internal errors alone. The external errors account for another 5-10%. Thus, ∼ 1/4 of the lifetimes of cluster ellipticals has passed during the last 30% of the age of the universe.
The Variation in M/L V along the Fundamental Plane
In the previous section we showed that the intrinsic scatter in the Fundamental Plane is very low, at ∼ 14% in M/L V ratio. The implication is that the M/L V ratios of E/S0s are very tightly correlated with their structural parameters in Cl1358+62. In this section, we introduce simple models for stellar populations to address the implications of such a correlation. Tinsley & Gunn (1976) first showed that the M/L V ratio of a single-burst stellar population evolves as
where t is the time since the formation epoch, and x is the slope of the initial mass function (IMF). They found very little dependence on metallicity, Z. This model predicts log M/L V ∝ 0.82 logt for an IMF with x = 1.35 (Salpeter 1955) . For composite stellar populations, t and Z are luminosity-weighted mean ages and metal abundances. For our analysis, we turn to the GISSEL96 (Leitherer et al. 1996) stellar population synthesis models. We choose to use bivariate least-squares fits to the model curves in order to use simple analytical expressions in the analysis. The models of singleburst stellar populations older than t ≥ 2 Gyr, with a Salpeter (15) where t is in Gyr, and Z is the metal abundance (solar abundance ratios), between Z = 4 × 10 −4 to 5 × 10 −2 . For composite stellar populations, the properties of age and metallicity are mean properties of the luminosity-weighted sum of the stellar populations within each galaxy.
The implication of Equations 14 and 15 is that M/L V ratios should be correlated with galaxy color. This correlation is explicitly shown in Figure 3 The uncertainty in the slope is large because the scatter in the diagram is large, and because the errors for individual measurements of M/L V are also large.
As stated above, the time-evolution of M/L V is governed largely by the shape of the IMF (Tinsley & Gunn 1976) . For stellar populations of constant metallicity Equations 14 and 15 imply a relation between M/L V ratio and color of log M/L V ∝ 3.1 × (B −V). Thus, if the correlation in Figure 3 (a) is the result of a systematic variation in galaxy age, then one would expect a slope indicated by the thin solid line. Under this assumption, any departure of the data in Figure 3 (a) from a slope of 3.1 implies an error in the adopted IMF. Using the IMF dependence of Equation 13, we make the following simple modification to Eq. 14:
Equation 15 is insensitive to the shape of the IMF because the dependence of both the M/L V and M/L B ratios on x is nearly identical (Tinsley & Gunn 1976) . Put another way, (B−V ) color is related to the temperature of the main-sequence turn-off stars, which itself is independent of the shape of the IMF. Using the least-squares fit to Figure 3 (a), the slope of the IMF is constrained to be x = 1.9 ± 0.8. The implication of this IMF is that M/L V evolves according to log M/L V ∝ (0.67 ± 0.22) logt. Given that log M/L V ∝ 0.24 logM + 0.08 logr e , one concludes logt ∝ ∼ 0.35 +0.18 −0.08 log M. The implication is that the mean luminosity-weighted age of elliptical galaxies in CL1358+62 with σ = 100 km s −1 is 45 +8 −15 % of the mean luminosity-weighted age of the σ = 300 km s −1 ellipticals. For a Salpeter (1955) IMF, this ratio of ages is 50%.
If a systematic trend in metallicity is causing the correlation in Figure 3 (a), then, near solar metallicities, the slope should be log M/L V ∼ 1.2(B − V ), shown by the thin dash-dot line. The fitted slope is discrepant from that expected from metallicity effects by less than 2-σ. Worthey (1994) and others have suggested that luminosity-weighted ages and metallicities are correlated such that ∆ logt/∆ log Z ∝ −3/2. The expected curve in based on this relation is shown as the thin dotted line in Figure 3(a) . No particularly strong constraints can be made with the current data if both age and metallicity are varying.
The correlation of M/L V ratio with (B −V ) color can only be related to the stellar populations. Do these systematic variations in the stellar populations fully account for the observed slope of the Fundamental Plane? By correcting the surface brightnesses for the fitted correlation of M/L V with (B −V ) color, and fitting a new plane to the corrected data, we find:
(17) This fit implies that the early-type galaxies in CL1358+62 are consistent with notion that they are a family of homologous objects. The uncertainties are large, in part, because we have assumed that the correlation between M/L V ratio and (B − V ) color applies for the entire sample of early-type galaxies in the cluster. Individual galaxies may have histories which deviate substantially from the mean star-formation history of E/S0s, and thus be poorly modeled by the fitted correlation. For example, we cannot assume that all early-type galaxies have constant metallicity at fixed age, or vice versa. There is some naturally occurring dispersion in the mean properties of the stellar populations of E/S0s and this dispersion is reflected as scatter in Figure 3 (a).
More data, such as from absorption-line strengths and larger sample sizes, are required in order to reduce the uncertainties. Furthermore, more careful modeling of the observations will be required in order to fully account for the fitting biases and measurement errors (Kelson 1998 (Kelson , 1999 .
Understanding the Scatter in the FP and CM Relations
Residuals in the Fundamental Plane and Color-Magnitude relations are expected to be related through Equations 15 and 16. When the residuals in log M/L V and B − V are plotted against each other, as in Figure 3 (b), no obvious correlation is seen for the E/S0s. Residuals from Eq. 17 do not show any significant correlation with the Color-Magnitude residuals either. Perhaps measurement errors, or other sources of scatter besides the stellar populations are large enough to obscure any intrinsic correlation. Therefore, we attempt to use the intrinsic scatter in the FP and CM relations to place constraints on the stellar populations. Several assumptions are made in the following analysis. In particular, we assume that the intrinsic scatter in both relations is due to a dispersion in the luminosity-weighted mean properties of the stellar populations at fixed r e and σ.
The intrinsic scatters of the FP and CM relations were found to be σ log M/LV = ±0.060 ± 0.012 dex, and σ (B−V ) = ±0.017 ± 0.005 mag. For the scatter in M/L V , the observed value of is an upper limit for the stellar populations because the scatter we measure in M/L V may in part be due to other factors, such as might be caused by random variations in galaxy shape.
We now assume that the scatter in colors is due solely to variations in stellar population ages, at fixed mass, and investigate the ramifications. The scatter in colors implies a 14% scatter in luminosity-weighted ages. Using the analytical models of the previous section, one expects
Using x = 1.35, the scatter in colors is equivalent to a 12% scatter in the M/L V ratios. Thus, ∼ 7% of the observed scatter in the Fundamental Plane remains unexplained. Jørgensen et al.
(1993) estimate that projection effects account for less than 6%. Perhaps the observational errors have been underestimated, or perhaps there are additional variations in the stellar populations in the sample, such as a dispersion in the mean metal abundances.
We conclude that the scatter in the two relations is remarkably consistent with a scatter in luminosity-weighted ages, at fixed mass. Using simple single-burst models of stellar populations, and assuming a Gaussian distribution of residuals in log M/L V , we can draw some conclusions from the scatter in M/L V and (B − V ). If the mean epoch of star-formation for cluster ellipticals is z = 2, then the 1-σ scatter of 15% in the luminosity-weighted ages implies ±1-σ interval for the epochs of star-formation of 1.4 < ∼ z < ∼ 3.5. The ±2-σ limits are 1 < ∼ z < ∼ 9. Thus, 98% of the star-formation in ellipticals was finished by z ≈ 1. These conclusions were based on an IMF of x = 1.35, a cosmology with q 0 = 0.05, and a mean formation redshift of z = 2 that is independent of velocity dispersion.
By measuring the evolution of the scatter to higher redshifts, one can place stronger constraints on the star-formation rates and histories of cluster ellipticals and S0s. If there exist systematic variations in the mean luminosity-weighted ages of earlytype galaxies along the Fundamental Plane, e.g., §4.2), then one requires more detailed modeling to derive the star-formation histories (Kelson 1999) .
EXTENDING THE FUNDAMENTAL PLANE TO EARLY-TYPE
SPIRALS
In §2, we stressed that morphological information was explicitly disregarded in selecting the high-resolution spectroscopic sample presented in this paper. In this section, we use the Fundamental Plane as a tool to place the later-type galaxies in the context of the evolution of cluster galaxies in general. By doing so, we can study the cluster populations without biasing the results exclusively to the oldest elliptical and lenticular galaxies. This aspect of our program makes it unique among studies of high-redshift clusters (e.g., Ellis et al. 1997 , Ziegler & Bender 1997 In Figure 4 , we expand the Fundamental Plane of early-types to include all 53 galaxies in the sample. Recall that the sample of 53 galaxies contains 22 galaxies of morphological type S0/a and later. It is clear from the figure that these early-type spirals show large scatter compared to the E/S0s (shown by the smaller symbols). Using all 53 galaxies, one obtains a plane with α = 1.10 ± 0.20 and β = −0.83 ± 0.08. These values of the slope are not significantly different than what was found earlier. Assuming that all of the galaxies are homologous, the 1-σ scatter is equivalent to ±28% in M/L V . The scatter in the full sample is nearly twice as large as that of the early-types alone.
There are 22 galaxies classified as S0/a and later. These galaxies follow a Fundamental Plane with α = 0.66 ± 0.29, β = −0.64 ± 0.06, with a scatter of about ±32% in M/L V . This plane is a significant departure from that of the ellipticals. Excluding the E+As or the emission-line galaxy #234 does not affect the slopes or scatter significantly. This large scatter implies that the early-type spirals are very inhomogeneous compared to the E and S0 galaxies. By inhomogeneous, we refer to a dispersion in their observed M/L V ratios at a given location along the FP. We can conclude that the large scatter seen in the full sample of galaxies is partly due to the inhomogeneity in the properties of the early-type spirals, and partly due to the fact that those galaxies follow a different plane than that of the E and S0 galaxies.
The difference in slope for the spirals, compared to the earlytypes, may have several sources: (1) additional rotational support, (2) systematic errors in their structural parameters, or (3) variations in their stellar populations. Any or all of these may be in effect, but they must be correlated with the structural parameters in order for the Fundamental Plane of the spirals to be so well-defined. Inhomogeneities in any of these properties are likely to be be present as well, given the large scatter shown above.
While we do expect M/L V ratios, and thus the Fundamental Plane, to differ between elliptical and spiral galaxies, the assumption of homology may not be valid for our entire sample. For example, many of the galaxies show strong rotation (Kelson et al. 1999a ), or large deviations from an r 1/4 -law surface brightness profile.
The Spirals in the Context of the Early-Types
We have shown that spirals follow a Fundamental Plane which is systematically different from ellipticals and S0s. We now proceed to investigate whether this change in slope is due to structural ("non-homology") or stellar population effects. In Figure 5 There are two possibilities for the correlations seen in Figure  5 . Perhaps there are inherent structural differences between the classes of E/S0s and early-type spiral galaxies, or perhaps the M/L V ratios of the spirals deviate from the Fundamental Plane of the early-types because of stellar population differences. We now systematically determine which of these options is relevant for our data.
Bulge-to-Disk Ratio
The figure shows a correlation with morphology, using T , BF, and n. Early-type spirals clearly show large scatter, and systematically negative residuals. Galaxies with low bulge fraction of total light are also systematically offset from the galaxies with large bulge fractions. Using the Sersic (1968) profile shape parameter n, one finds that galaxies with low values of n have, on average, lower M/L V ratios, for a given r e and σ, and larger scatter in those M/L V ratios, compared to galaxies with large values of n.
We tested whether using a pure r 1/4 -law surface brightness profile to derive structural parameters might have caused the additional scatter and tilt for the FP of the spirals. Kelson et al. (1999b) derived several sets of structural parameters using r 1/n -law profiles and superpositions of an r 1/4 -law bulge plus exponential disk. Their results show that the combination of r e and I e that enters the Fundamental Plane was very stable, irrespective of the choice of profile shape.
By using the structural parameters derived from the r 1/n -law profiles, or bulge-plus-disk superpositions, we find no significant difference in the Fundamental Plane from that obtained earlier using the de Vaucouleurs structural parameters. Given the stability of the combination of r e and I e that appears in the Fundamental Plane, as shown in Kelson et al. (1999b) , we conclude that errors in the structural parameters are unlikely to have resulted in any inhomogeneities in the observed properties of the CL1358+62 sample. Therefore for the remainder of the paper, we exclusively use the de Vaucouleurs profile structural parameters.
Projection
If differences in galactic structure are causing large, systematic residuals in M/L V ratio with respect to the Fundamental Plane of the ellipticals, then one might expect to see a correlation with apparent ellipticity. Jørgensen et al. (1993 Jørgensen et al. ( , 1996 investigated correlations of ellipticity and c 4 parameters with Fundamental Plane residuals in an effort to find additional parameters in the FP. They built realistic models of early-type galaxies and generated pseudo-observations of them. The data did not, however, follow any of the trends predicted by the pseudo-observations, despite having taken all of the observational procedures into account when making the models.
In Figure 5(d) , we show the residuals as a function of apparent ellipticity. In the figure, we show the expected deviations in observed M/L V ratio for pressure supported E2, E4 and E6 galaxies (solid lines), and for isotropic rotators of intrinsic flattening 0.6, 0.5, 0.4, 0.3, 0.2, and 0.15 (see, e.g., Binney & Tremaine 1987 , Saglia, Bender, & Dressler 1993 . The data do not follow the predicted curves in any sensible way. For example the spirals do not behave as flattened rotators in this diagram, presumably because their residuals are dominated by stellar population effects (see below).
Internal Kinematics
For the spiral galaxies in CL1358+62, Figure 5 (e) shows that the residuals from the Fundamental Plane of the early-types is strongly correlated with central velocity dispersion. This correlation might suggest that central measurements of the velocity dispersion do not relate to the virial mass in the same way for the spirals as for the E/S0s. While it seems reasonable to expect that spiral galaxies are not homologous with E/S0s, Kelson et al. (1999a) showed that the rotation curves of the two families are similar, at least to radii of approximately 2r e , at the level of a few percent. We therefore conclude that systematic differences in the central M/L V ratios of the two families of galaxies are not arising from structural effects.
Stellar Populations
The other possibility is that the properties of the luminosityweighted stellar populations are systematically varying as a function of σ, at a given r e . Such a trend would suggest that the correlation in Figure 5 (e), and the low value for α for the spirals, may actually be rooted in a systematic variation of stellar populations with σ. This idea appears to be borne out by Figure 5(f) , in which deviations from the Fundamental Plane are strongly correlated with residual from the Color-Magnitude relation, in a manner consistent with simple models of passive stellar evolution (shown as the dotted lines). The models overlayed in (f) are GISSEL96 models of single-burst stellar populations of different metallicities, all normalized to a formation epoch of z = 2 (H 0 = 65 km s −1 Mpc −1 , q 0 = 0.05). Thus, the lines are progressions of age (time since the burst) from the blue to the red.
Together, the correlations in (e) and (f) would produce a Fundamental Plane for the early-type spirals which has a different slope than the plane of the E/S0s.
Environment
Studies of nearby galaxies have shown that position within a cluster is important for galaxy evolution (e.g. the morphologydensity relation, Dressler 1980 . Our cluster imaging covers ∼ 1.5h −1 Mpc ×1.5h −1 Mpc, well-suited for studies of the morphology-density relation at high redshift (Fabricant et al. 1999) . Within our HST mosaic, the S0s and spirals do indeed appear more spatially extended than the ellipticals (van Dokkum et al. 1998a , Fabricant et al. 1999 .
Given this trend and the result that the Color-Magnitude diagram is position dependent (van Dokkum et al. 1998a) , one should expect a correlation between FP residual and distance from the cluster center. In Figures 6(a,b) , we see that there is no obvious trend with clustercentric radius. The sample is too small and the uncertainties are simply too large to draw any conclusions with the current sample. More observations are required to determine the magnitude of any effect. The environmental dependence of the Color-Magnitude relation is seen in our sample in Figures 6(c,d) but it is not as obvious as in the full sample of van Dokkum et al. (1998a) . As a reminder, those authors used nearly 200 galaxies in their analysis of the Color-Magnitude diagram of the cluster.
Let us now continue with a more in-depth discussion of the stellar populations.
MODELING THE STELLAR POPULATIONS OF THE EARLY-TYPE
SPIRALS
In the previous section, we showed that the residuals of the spirals from the FP and CM relations are predominantly due to their stellar populations. Do the stellar populations of the spirals evolving differently than those in early-type galaxies? In §4 we introduced single-burst stellar population models which predicted that the M/L V ratios themselves should be correlated with (B − V ) color. In Figure 3 (a), we showed that this prediction is consistent with the data for the early-type galaxies. In Figure 7 we expand the plot of log M/L V as a function of galaxy color to include the entire sample. The least-squares fit to the E/S0s, given in §4, is shown by the thick solid line. As in the Figure 3(a) , the 1-σ uncertainties from that fitted slope are indicated by the shaded region. Single-burst stellar populations with a Salpeter (1955) IMF are expected to evolve along the thin solid line. In this diagram, we plot a quadratic approximation to the model because the linear, analytical expressions in §4 were not valid for extremely young stellar populations. We conclude that the emission-free early-type spirals, including the E+A galaxies, are broadly consistent with the extrapolation of the E/S0s. A least-squares fit to the spirals which do not show emission or E+A spectra, i.e., appear to be older than a few Gyr, yields a slope of log M/L V ∝ (3.23 ± 1.23)(B − V ), consistent with the slope found using the early-types. With larger samples and measurements of line strengths, one should be able to reduce the uncertainties and use such diagnostics to place constraints on composite stellar populations, or, for example, the universality of the IMF.
Age Effects
If the Fundamental Plane and Color-Magnitude residuals are due to differences in mean luminosity-weighted ages alone, recall that the model predicts Delta log M/L V = (4.52 − 1.0x)∆(B − V ). If the IMF follows x = 1.35 (Salpeter 1955) , then the models give ∆ log M/L V ∝ 3.1∆(B − V ). Also recall that the analytical expressions on which this approximation is based are only valid for stellar populations with ages greater than 2 Gyr. Thus, in order to test this prediction, we perform a least-squares fit to the residuals of those spirals with spectroscopically early-type spectra. This fit, which excludes the E+A galaxies and the star-forming, emission-line galaxy, gives ∆ log M/L V ∝ (2.32 ± 0.65)∆(B −V), shown as the dashed line in Figure 5 (f). This fit implies an IMF slope of x = 2.0 ± 0.8. The spiral galaxies have clearly experienced more recent star-formation than the ellipticals and S0s. We would now like to correct for the differences in the ages of their stellar populations. Since we would like to use the E+A galaxies, which have stellar populations younger than 2 Gyr, we need a more appropriate analytical expression relating
In fitting a solar metallicity model, with a Salpeter (1955) IMF, between ages of 750 Myr and 8 Gyr, we find
This quadratic is shown as the solid line in Figure 5 (f). For galaxies with similar radial gradients in their stellar populations, only I e is directly affected by changes in M/L V ratio. We therefore correct the surface brightnesses by
In fitting a new Fundamental Plane to the corrected spirals, we find α ′ = 1.04 ± 0.42 and β ′ = −0.61 ± 0.09, similar to the Jørgensen et al. (1996) values we adopted earlier, though with larger errors. The scatter about this evolved plane is still ∼ 30% in M/L V ratio, leading to increased uncertainties in the fit. After correcting for color residuals, no further correlations of ∆ log M/L V with n, BF, or σ are seen. We conclude that after several Gyr, barring any further starformation, these cluster spirals will fall on the Fundamental Plane of the E/S0s. In Figure 8 , we show that the mass and length scales are comparable to the early-type sample, indicating that, once evolved, the early-type spirals would occupy similar locations on the Fundamental Plane as the E/S0s.
The scatter in the spirals, however, remains quite high compared to the E/S0s, at about 30% in M/L V ratio. An important question remains: does some mechanism transform the spirals into earlier morphological types while their stellar populations evolve? If such a transformation occurs, these spirals may be the ancestors of a large fraction of the nearby S0 population, and thus appear in local Fundamental Plane samples. If this hypothesis is true, then somehow their scatter about the Fundamental Plane must be reduced and their properties homogenized since the scatter in the nearby FP is so low. Perhaps only a fraction of the spirals evolve into galaxies which have been included in the nearby FP samples.
The E+A Galaxies
For the S0/a and later-type galaxies, ∆ log M/L V was roughly proportional to log σ. We interpret this as a correlation of the mean luminosity-weighted ages of early-type spirals with velocity dispersion (see §5.1):
Therefore, for single-burst stellar populations, with a Salpeter (1955) IMF, ∆ logt ∼ 1.2 log σ. The implication is that σ = 100 km s −1 early-type spirals in clusters are ∼ 1/4 the luminosityweighted ages of their σ = 300 km s −1 counterparts. However, if there is a a systematic variation of age along the Fundamental Plane of E/S0s, then this interpretation of the residuals may only be a lower limit on the range of the luminosity-weighted ages of the cluster spirals. The E+A galaxies are at the extreme end of this correlation of stellar populations and σ. Their M/L V ratios are about −0.5 dex too low to be consistent with the Fundamental Plane of the ellipticals. Using the Salpeter (1955) IMF, we find that ∆ logt ∼ −0.6, which is equivalent to stating that the mean luminosity-weighted ages of the E+As in CL1358+62 are about 1/4 the mean luminosity-weighted age of the cluster ellipticals of the same r e and σ. The implication is that these galaxies underwent their last burst of star-formation sometime between z = 0.4 to 0.6. This constraint is limited by the observational errors, and the fact that the galaxies likely have composite stellar populations, though it is consistent with presence of A stars in their spectrum. The logical extension of the correlation of FP residuals with velocity dispersion is that the cluster spirals with larger velocity dispersions, which have FP residuals of ∆ log M/L V ∼ −0.3, must have undergone their last epochs of star-formation at z ∼ 0.7 (and may themselves been in an E+A phase at z ∼ 0.5).
At the present epoch, 3-4 Gyr later, the E+As should be ∼ 0.08 mag bluer than the (B − V ) CM relation, and have faded ∼ 1.5 mag. Two of these galaxies are slightly brighter than L * (using M * V ≈ −21.5 mag at z = 0), with masses slightly lower than M * . The third has a mass a full dex below M * . One should therefore find the evolved counterparts of the two massive E+As in the CM relations of nearby clusters. In Figure 1 of Bower, Lucey, & Ellis (1992) , one sees large scatter in (U −V ) vs. V T fainter than L * . There is an abundance of galaxies with 2∆(B − V ) ). We conclude that the intermediate redshift star-formation in spirals, even the strong bursts thought to take place in E+A galaxies (Zabludoff et al. 1996) , can easily be reconciled with the present-day samples of nearby early-type cluster galaxies. While these spiral galaxies may be able to hide in the normal scaling relations of early-type galaxies, the CL1358+62 E+A galaxies are less massive than M * galaxies. We conclude that the E+A galaxies, and other low velocity dispersion early-type spirals in this CL1358+62 sample, are consistent with the notion that they will evolve into presentday S0 galaxies.
Metallicity Effects
We now explore to what extent the observed correlation in Figure 5 (f) may be metallicity dependent. If the residuals are due to a systematic trend with log Z, then, using Equations 14 and 15,
For a sample of galaxies whose mean metallicity is solar, then ∆ log M/L V ∝ 1.21∆(B −V). This prediction is ruled out by the least-squares fit to Figure 5 (f) at the 3-σ level. We therefore conclude that it is the presence of young stellar populations in the spirals which in turn produce a systematic deviation of the low velocity dispersion spirals from the Fundamental Plane of the ellipticals. Future analysis of the metal line strengths will help determine to what extent the IMF may differ from the one adopted in the models, and to what extent metallicity variations are present in our sample.
In Equation 18 we showed the correlation expected between FP and CM residuals for old stellar populations, when variations in mean luminosity-weighted age are the primary cause of the residuals. Recall that the observed correlation for the spirals was ∆ log M/L V ∝ (2.5 ± 0.8)∆(B −V). Using this correlation, the single-burst models imply
An IMF with x = 1.35 implies ∆ log Z/∆ logt = 0.14 +0.52 −0.28 , ruling out the the Worthey (1994) "3/2" rule by nearly 3-σ. If this "3/2" rule is true, then the slope of the IMF (still parameterized as a single power-law) must be x ∼ 2.5. Analysis of the line-strengths is required to fully understand any correlations between luminosity-weighted age and metallicity, as well as conclusively test for variations in the initial mass function.
Though the spirals' FP is tilted with respect to the plane of the ellipticals, this can be accounted for using stellar population models. However, the residuals about the corrected plane are still quite large. This remaining scatter could be due to additional random variations in the stellar populations, such as from metallicity, or other unknown factors such as galaxy shapes, or even variable dust content.
CONCLUSIONS
The Fundamental Plane in the cluster CL1358+62 has been measured using accurate internal kinematics and structural parameters. In total, we have 53 cluster members, three of which have E+A spectra, and one which has emission lines, indicative of star-formation. Of the 53, 31 have been classified as E, E/S0, or S0 galaxies. There are 13 S0/a galaxies, 6 with Sa morphology, two Sab galaxies, and 1 Sb. Because our sample was selected without the use of morphology, we have made a thorough analysis of the cluster population as a whole. Several conclusions can be drawn from the current data.
(1) The 30 E, E/S0, and S0s which do not have E+A spectra or strong emission lines follow a relation which is similar in shape to that found in nearby clusters:
log r e ∝ (1.31 ± 0.13) logσ − (0.86 ± 0.10) log I e
Using these slopes, the ellipticals and S0s give identical Fundamental Plane zero-points, similar to the ellipticals and S0s in nearby clusters . Fitting individual relations to the visually classified ellipticals and S0s does not produce significantly different results.
(2) The M/L V ratios of the CL1358+62 early-types are lower than those in Coma by −0.12 ± 0.02 dex (q 0 = 0.05, −0.08 ± 0.02 dex for q 0 = 0.5). The look-back time to CL1358+62, about a third the present age of the Universe, is therefore equivalent to about 1/4 of the lifespan of nearby cluster galaxies, in agreement with a high mean redshift of formation for the stars in E/S0s. This comparison assumes that these Es and S0s in CL1358+62 are co-eval with those in Coma. If any contemporary E/S0 galaxies possessed later-type morphologies at intermediate redshifts, they would not have been included in the determination of this offset. Therefore, the measured M/L V offset may only reflect a subset of contemporary E/S0 galaxies (Franx 1995) .
(3) The stellar populations of early-type galaxies vary along the Fundamental Plane such that log M/L V ∝ (2.55 ± 0.79) × (B − V ). The current data are not sufficient to specify to what extent this correlation derives from age and/or metallicity variations. If one corrects the surface brightnesses of the E/S0s for the observed correlation, the resulting plane agrees with the expectation predicted by the virial theorem and homology (r ∝ σ 2 I −1 ). This result suggests that early-type galaxies form an homologous family.
(4) The E/S0 galaxies have an intrinsic 1-σ scatter of 14% in V -band M/L ratio about the local FP slope. This scatter is consistent with the scatter in the Color-Magnitude relation (van Dokkum et al. 1998a) , assuming that it is caused by a scatter in the luminosity-weighted ages of the stellar populations. The implication is that the CL1358+62 elliptical galaxies would have a scatter in mean luminosity-weighted ages of ∼ 15%, depending on the shape of the IMF. The implication is that nearly all of the star-formation in the CL1358+62 E/S0s was finished by z = 1. Measurements of Balmer and metal line strengths are required to fully understand to what extent random variations in age and metal abundance are causing scatter in the two scaling relations.
(5) The early-type spirals follow a different Fundamental Plane relation from the ellipticals and S0s. Given this, we studied the residuals of the spirals with respect to the Fundamental Plane of the ellipticals and find that the residuals of the spirals correlate with both velocity dispersion and residual from the Color-Magnitude relation (van Dokkum et al. 1998a ). Thus, the spirals follow a different plane from the ellipticals and S0s because of a systematic variation of stellar populations with velocity dispersion. After several Gyr of passive stellar evolution, these spirals will follow a plane with the same shape as the E/S0s, but with scatter that is twice as large.
(6) The smooth transition of color and FP residuals towards older (redder, higher M/L V ratio) spirals indicates that star-formation has been a continuous process for these galaxies. The galaxies with the most recent star-formation have been intermediate and low velocity dispersion early-type spirals. The systematic correlation of FP residual with color, and, for example, the strong Balmer absorption lines, indicate that cluster spirals have been forming stars up through times as late as z ∼ 0.5. The spiral galaxies contain composite stellar populations, and their long-term star-formation histories cannot be modeled adequately with the current data. Regardless, these galaxies clearly have a broad dispersion in properties, unlike the E/S0 galaxies.
(7) The correlation of FP residual and color residual for early-type spirals extends to the E+A galaxies, forming a tail in a sequence of recent, or recently extinguished, star-formation. That the E+A and emission line galaxies are very young and have low velocity dispersions simply places them at the extreme end of a relation between stellar populations and velocity dispersion which is specific to the spiral galaxies. Simple stellar population models imply that the mean luminosityweighted ages of these spiral galaxies follows ∆ logt ∼ (1.22 − 0.28x) −1 log σ. Thus, an Sa galaxy with σ = 100 km s −1 would be about 1/4 the mean luminosity-weighted age of an Sa with σ = 300 km s −1 , for a Salpeter (1955) IMF. However, this interpretation depends upon whatever systematic variations of luminosity-weighted ages may exist along the Fundamental Plane of early-type galaxies.
(8) Early-type spirals brighter than L * at the present epoch must have formed before z > 1. Furthermore, the implication of Figure 5 (e,f) is that early-type spirals with σ ≫ 100 km s −1 should show evidence for more recent star-formation at higher redshifts. This has been tentatively seen in MS1054-03 at z = 0.83 (see van Dokkum et al. 1998b ).
(9) The E+A galaxies are three times too bright for their r e and σ, compared to ellipticals of the same size and ve-locity dispersion. They are consistent with having a burst of star-formation at z ∼ 0.5 ± 0.10. These data do not place any stronger constraints due to observational errors, and the unknown extent to which the stellar populations are composites of both old and young stars. The three E+A galaxies in the sample span a range of masses, the highest nearly the mass of an L * galaxy, down to a full dex below M * . By z ≈ 0, these galaxies will have faded about 1.5 mag and only be ∆(B−V ) ≈ 0.08 mag bluer than local Color-Magnitude relations (i.e., Bower, Lucey, & Ellis 1992) , assuming these galaxies can be adequately modeled by a single, instantaneous burst. The E+As have variable bulge fractions, but invariably have disks and are partly supported by rotation (Kelson et al. 1999a ,b, Wirth, Koo, & Kron 1994 , Franx 1993 . It is unlikely that they will become presentday ellipticals, but, like the other young spirals in the sample, they may evolve into S0s.
The Fundamental Plane has become a useful tool for studying the histories of galaxies later than E and S0 (cf. Burstein et al. 1997) . The larger spiral fractions in clusters at higher redshift will allow for a better understanding of the evolution and transition of the spiral and early-type populations (e.g., van Dokkum et al. 1998b ). If there are processes which turn spiral galaxies into S0s between z = 0.33 and z = 0, then such processes must somehow work to reduce their scatter about the Fundamental Plane, unless such galaxies were excluded from nearby samples for reasons other than morphology.
Future work will be aimed at measuring absorption line strengths and near-IR colors. Together with the V -band M/L ratios, one will be able to expand the modeling with the goal of disentangling composite stellar populations (e.g., in the E+A galaxies), metallicities, dust contamination, the IMF, and galaxy shapes. Analysis of the Fundamental Plane of field galaxies at intermediate redshifts will be a very important step for comparing the evolutionary histories of early-type galaxies in different environments. Analysis of the early-types in poor groups and the field will also be important in relating the star-formation histories in intermediate environments to those in clusters and the field. Barring the transformation of spirals into early-types, present-day cluster Es and S0s are among the oldest objects in the universe, and have undergone little, if any, late-time star formation.
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FIG. 5.-Fundamental plane residual as a function of (a) T , galaxy morphology, as determined in , (b) n, the shape parameter describing the best-fit r 1/n -law; (c) bulge fraction, derived from bulge-plus-disk decompositions of the integrated surface brightness profiles; (d) apparent ellipticity superimposed with curves following the random projection of simple models described in the text; (e) central velocity dispersion; and (f) residual from the color-magnitude relation (van Dokkum et al. 1998a) , superimposed with models of single-burst stellar populations with three different metallicities ([Z/H] = −0.4, 0.0, +0.4). The models, normalized to a redshift of formation of z = 2 (H 0 = 65 km s −1 Mpc −1 , q 0 = 0.05) at zero residual, are shown as dotted lines. The least-squares fit to the spirals without emission or strong Balmer absorption of ∆ log M/L V ∝ 2.5∆(B − V ) is shown as the dashed line. The analytical approximation to a solar metallicity, x = 1.35, single-burst stellar population is shown as the solid line. There is a clear trend of M/L V residual with galaxy morphology, central velocity dispersion, and color. The symbols are as in Figures 1 and 4 . 
